1. Introduction {#s0005}
===============

Dairy industry of India largely depends on the 105.34 million buffaloes ([@bb9000], <http://dahd.nic.in/dahd/bahs-2012.aspx>), which account for 56.7% of the world\'s buffalo population-. Besides milk, buffaloes are an important source for meat, hide and draft power. As per animal husbandry statistics buffaloes contribute around 52.5% to total milk production in the country. In India there are 13 registered riverine buffalo breeds (Murrah, Niliravi, Mehsana, Jaffarabadi, Banni, Bhadawari, Surti, Nagpuri, Pandharpuri, Marathwada, Toda, Kalahandi and Chilika), alongwith many lesser known populations of significant regional importance. The riverine buffalo (*Bubalus bubalis*) is found throughout the length and breadth of the country and has 50 chromosomes, while the swamp buffalo (*Bubalus bubalis carabanesis*) with a chromosome number of 48, is restricted to Northeastern states of the country like Mizoram, Nagaland, Manipur and parts of Assam. The crossbreds of riverine and swamp buffaloes have 49 chromosomes and are distributed mainly in different areas of Assam ([@bb0050]). Riverine buffaloes are mainly used for milk production whereas swamp buffaloes are used for draft and meat purposes ([@bb0080]). Furthermore, there are also reports on comparative study between the two types of buffaloes, showing that swamp buffaloes are immunologically stronger and less susceptible to diseases than riverine buffaloes ([@bb0075]). Therefore, the investigation of genetic diversity in immune genes responsible for the natural immunity in riverine and swamp buffaloes would shed light on the disease susceptibility or resistance in the two types of domestic buffaloes.

Toll-like receptors (*TLRs*) are evolutionarily conserved membrane-bound proteins that are widely expressed in insects, plants and animals and recognize microbial pathogens to initiate intracellular signaling pathways and trigger the expression of genes responsible for the activation of innate immune response ([@bb0120]). Based on ligand--pathogen specificity, ten *TLRs* have been identified in humans and livestock species, 13 in mice and more than 20 in non-mammalian genomes ([@bb0105; @bb0035]). They share a common modular structure that consists of a leucine-rich repeat (LRR) ectodomains, a single transmembrane helix and a cytoplasmic Toll/interleukin-1 receptor (TIR) domain. Among the *TLRs* reported in mammals, *TLR8* recognizes ssRNA derived from viruses as well as small synthetic molecules structurally related to nucleic acids such as imidazoquinolines and immunostimulatory guanosine nucleotides ([@bb0140]). Recently microRNA, important for regulating gene expression has also been reported to induce tumor growth and pro-metastatic inflammatory response through binding to *TLR8* in cancerous cells ([@bb0045]). *TLR8* located on the mammalian X chromosome is relatively conserved and lies close to *TLR7*, both recognize the viral genome/cellular nucleic acids and expressed on intracellular organelles forming an evolutionary cluster with *TLR9* ([@bb0030; @bb0005]). Buffalo *TLR8* gene has been characterized and found to consist of a single exon coding for 1041 amino acid long protein similar to other livestock ([@bb0040]).

Genetic polymorphisms in members of the *TLR* family have been demonstrated to be clinically important. The nucleotide variations in the bovine *TLR* genes have been associated with inflammatory diseases such as number of somatic cell count, mastitis, keratoconjunctivitis, and tuberculosis ([@bb0085; @bb0060]). Polymorphism in human *TLR8* is reported to be associated with HIV infection, asthma and tuberculosis ([@bb0025]). Gene expression studies have also implicated *TLR8* role in the pathogenesis of Johne\'s disease (JD) in infected sheep tissues ([@bb0125]). Previous studies have reported only three polymorphic sites in the coding and one in the 3′UTR of *TLR8* gene of riverine and swamp buffaloes ([@bb0040]), but variation in the 5′UTR of buffalo *TLR8* gene is yet to be investigated. Variation within 5′UTR of *TLR8* may have a functional role in governing disease resistance/susceptibility traits. The present study was therefore undertaken with the objective to characterize 5′upstream and 5′untranslated regions of *TLR8* gene and document variation in allele frequency distribution across the Indian riverine and swamp buffaloes.

2. Materials and methods {#s0010}
========================

2.1. Sample collection and DNA isolation {#s0025}
----------------------------------------

Blood samples were collected from the distribution areas of different riverine, alongwith hybrids and swamp types from the region bordering China and Myanmar ([Fig. 1](#f0005){ref-type="fig"}, [Table 1](#t0005){ref-type="table"}). Genomic DNA was extracted from whole blood using standard SDS-Proteinase-K digestion and phenol/chloroform extraction procedure ([@bb0110]). Quality and quantity of DNA were assessed by spectrophotometer as well as by 0.8% agarose gel electrophoresis. The riverine, swamp and hybrid status of buffaloes from different parts of Assam as well as north east region were confirmed by analysis of their karyotypes.

2.2. Amplification of 5′upstream region of buffalo *TLR8* gene {#s0030}
--------------------------------------------------------------

For the characterization of the 5′upstream region and 5′UTR of buffalo *TLR8* gene, three sets of overlapping primers were designed from cattle sequence available in Ensembl browser (ENSBTAG00000031020) for PCR amplification (Supplementary Table 1). Amplification of 5′upstream region *TLR8* gene of *Bos indicus* was also carried out to compare the buffalo data. PCR was performed in a total volume of 20 μl containing 70 ng genomic DNA, 10 × PCR buffer having 15 mM MgCl~2~, 0.5 μl of 10 mM dNTPs, 10 pmole of each primer and 1 U of Taq DNA Polymerase (Bangalore Genei, India). Following the initial denaturation step (95 °C for 3 min), samples were subjected to 32 cycles of PCR consisting of 94 °C for 30 s, primer specific annealing temperature for 30 s (Supplementary Table 1); and 72 °C for 1 min, followed by a final extension for 5 min at 72 °C. Amplified products were checked on 1.5% agarose gel and sequenced both end after purification. Data was further analyzed using SeqMan and MegAlign program of the Lasergene software (DNASTAR Inc., USA).

2.3. Polymorphism detection and PCR--RFLP assay {#s0035}
-----------------------------------------------

The 5′UTR of *TLR8* gene was amplified using primer P1 (Supplementary Table 1) on a panel of eight animals of each swamp and riverine buffaloes and purified using PCR purification kit (QIAGEN Inc., CA, USA) and both strand sequencing was performed using forward and reverse primers on ABI 3100 Genetic Analyzer (Applied Biosystems, CA, USA). The sequence of each DNA sample was checked manually in ChromasLite program (<http://www.technelysium.com.au/chromas_lite.html>) and further subjected to multiple alignments to identify nucleotide variations, using MegAlign program of the Lasergene software. A PCR--RFLP genotyping protocol was developed for the SNP g.-139G\>T using the NEB cutter online program (<http://tools.neb.com/NEBcutter2/>). The PCR products generated using same primer set P1 were digested with the Tsp509I restriction enzyme to differentiate the alleles. The digested products were resolved on 3% agarose gel and the genotypes were recorded manually. This assay was used to screen 667 DNA samples from 20 different riverine and swamp buffalo populations of India ([Table 1](#t0005){ref-type="table"}).

2.4. Statistical analysis {#s0040}
-------------------------

Allele frequency, F~ST~ ([@bb0135]) and genetic distance (Nei\'s standard genetic distances) were calculated using GenAlex6.2 program ([@bb0100]). A principal component analysis (PCA) was carried out to determine breed/population relationships directly based on allele frequencies ([@bb0065]), using GenAlex6.2 program.

3. Results {#s0015}
==========

A total of 1045 bp nucleotide sequence of *TLR8* gene was amplified across buffalo along with cattle and compared with reported sequences of other species. The buffalo sequence (GenBank acc no. [KC342230](ncbi-n:KC342230){#ir0050}) exhibited 99% homology with goat *TLR8* gene (GenBank acc no. [JQ911705](ncbi-n:JQ911705){#ir0055}) and only 83% homology with bovine *TLR8* sequence (GenBank acc no. [KC342231](ncbi-n:KC342231){#ir0060}).

3.1. Sequence diversity {#s0045}
-----------------------

In order to identify the genetic polymorphism in the 5′UTR of buffalo *TLR8* gene, DNA samples of 8 animals of riverine and swamp buffaloes were amplified by PCR and sequenced. Sequence alignment revealed two polymorphic sites, one G\>T transversion 139 nt upstream and another A\>G transition 128 nt upstream to the ORF. A PCR--RFLP genotyping assay was developed for the g.-139G\>T SNP of buffalo *TLR8* gene using Tsp509I restriction enzyme. A single Tsp509I restriction site in the G allele resulted in two fragments of 319 and 123 bp, whereas two restriction sites in the T allele yielded three bands of 253, 123 and 66 bp ([Fig. 2](#f0010){ref-type="fig"}). The allele and genotype frequencies of Tsp509I variants in each of the 20 Indian buffalo breeds/populations analyzed have been listed in [Table 1](#t0005){ref-type="table"}. The allele frequency of G and T alleles across all buffalo populations ranged from 0.0 to 0.99 and 0.0 to 1.0 respectively. The allele frequency of T allele was observed to be higher in swamp buffalo as compared to riverine buffalo, ranging from 0.71 to 1. The G allele on the other hand exhibited a higher frequency across all the Indian riverine buffalo breeds/populations (0.89). The frequency of the G allele in the hybrid buffalo population from Assam was observed to be much higher (0.75) than that observed in swamp buffalo but slightly less than that of riverine buffalo. The overall frequency of the GG genotype was observed to be 0.10, 0.75 and 0.82 in swamp, hybrid and riverine buffalo populations respectively. The average frequency of the heterozygous GT genotype was found to be 0.12 in swamp buffalo and this genotype was not detected in the 4 samples of hybrid buffaloes. The TT genotype was not detected in any of the investigated samples of Kalahandi, Bhadawari, South Kanara, Pandharpuri, Surti, Jaffarabadi, Mehsana and Banni riverine buffaloes. However, sixteen swamp buffalo samples from Mizoram exhibited 100% homozygous TT genotype. Heterozygous GT genotype was also absent in the swamp buffalo of Manipur but Nagaland and Assamese buffaloes revealed a higher frequency of the GT genotype. Since *TLR8* is located on the X chromosome, the male buffaloes of all the breeds/populations were analyzed separately to assess the diversity among male buffaloes ([Table 1](#t0005){ref-type="table"}). The average frequency of G allele was higher across all male buffaloes (0.94) of riverine compared to swamp type males having frequency of 0.27 for the G allele.

3.2. Phylogenetic analyses {#s0050}
--------------------------

The phylogenetic relationship between the investigated buffalo breeds/populations was determined by the D~A~ genetic distance method. Among the swamp buffalo, the maximum genetic distance (0.048) was observed between Assamese Silchar and Mizoram buffaloes, whereas the Assamese Dibrugarh and Manipur buffaloes appeared closely related ([Table 2](#t0010){ref-type="table"}). Among the riverine buffalo highest differentiation was observed between Kalahandi and Surti (0.127). The results revealed that the swamp buffaloes were quite distinct from riverine buffaloes as expected. However, the Assamese buffalo population showed greater identity (0.677) with swamp buffalo than riverine buffalo (genetic identity = 0.429) The Assamese buffalo appeared to be closer to the riverine buffaloes Chilika, Kalahandi and Diara buffaloes of eastern region adjoining to swamp area, as compared to buffalo population of Northern, Western or Southern India. Pairwise F~ST~ values between the different buffalo populations also revealed similar results, with the swamp buffalo clearly differentiating from the rest of the buffalo populations (Supplementary Table 2).

These results were further substantiated by the principal component analysis (PCA) which depicts the spatial distribution of buffalo populations based on genetic distances. The PCA of the three groups of buffalo (swamp, riverine and Assamese-hybrids) revealed a clear differentiation between them ([Fig. 3](#f0015){ref-type="fig"}a). When the buffaloes were grouped region wise, the buffalo population from Bihar and Odisha states appeared closer to the Assamese buffalo ([Fig. 3](#f0015){ref-type="fig"}b), the remaining riverine buffalo populations clustered together but were distinct from the swamp buffalo. PCA among the swamp buffaloes illustrated a close relationship of the Assamese Dibrugarh and Nagaland buffaloes again ([Fig. 3](#f0015){ref-type="fig"}c.). PCA based on allele frequencies among male animals revealed distinct differentiation of riverine, swamp and hybrid buffaloes as expected.

4. Discussion {#s0020}
=============

The *TLR* genes are crucial in triggering an innate immune response against pathogens and have been widely studied in several species ([@bb0005; @bb0105; @bb0035]). Nucleotide variation in these genes, associated with disease resistant and susceptibility may help in understanding the factors responsible for an enhanced or reduced defense against pathogenic invasion. Nucleotide changes particularly in the 5′upstream region and 5′UTR of genes may affect their expression by influencing the transcriptional binding factors and stability. Genetic variations in the 5′upstream regions of the *TLR2* and *TLR4* genes have been associated with somatic cell score and lactation persistency, mastitis etc. in cattle ([@bb0115; @bb0055]). Maximum homology (99%) of 5′upstream region of buffalo *TLR* sequence with that of goat was observed to be in concordance with previous reports on *TLR8* ([@bb0035; @bb0040]) and *DRB*\**A* ([@bb0090]) genes, wherein the water buffalo was observed to be phylogenetically more closer to goat than cattle. High homology of *TLR8* region between riverine buffalo and goat suggests that *TLR* genes have evolved due to challenging by different types of species specific pathogens within populations of livestock species.

4.1. Polymorphism detection and genotyping {#s0055}
------------------------------------------

Polymorphism within *TLR8* gene was associated with high risk to viral infection in Chinese population ([@bb0015]). TLR8 Met1Val and TLR8-129G\>C single nucleotide polymorphisms (SNPs rs3764879 and rs3764880) were found in strong association with tuberculosis within male population and associated with coronary artery disease (CAD) in the Chinese population but no significant association within Turkish population was reported ([@bb0015; @bb0020]). Analysis of a stretch of 1045 nucleotides of the 5′-upstream of *TLR8* gene led to the identification of two SNPs in this region and three in CDS and one in 3′UTR of buffalo *TLR8* gene ([@bb0040]). This nucleotide diversity was found lower when compared to the polymorphism in the coding region of *TLR8* cattle (12), sheep (20), pig (22) and horse (5) polymorphic sites ([@bb0010; @bb0005; @bb0070; @bb0130]).

The PCR--RFLP assay designed for genotyping the g.-139G\>T SNP across 667 buffalo samples of both riverine and swamp types revealed a striking difference in allele frequency distribution of the g.-139G allele across the swamp and riverine buffaloes. The g.-139T allele appeared to be fixed in the Mizoram swamp buffaloes, but it needs to be interpreted with caution as only sixteen samples were analyzed. In general however, all the swamp buffalo populations revealed a higher frequency of the g.-139T allele in contrast to the higher frequency of g.-139G allele in riverine buffaloes.

The significant allele frequency differences between riverine and swamp buffaloes allowed the swamp and riverine buffaloes to be easily distinguished. The genetic distinctness of riverine and swamp buffaloes is well established and this may account for the nucleotide variations observed in this study. However, the near fixation of g-139T allele in swamp buffaloes may also suggest maintenance of this variation by selective pressure during evolution. Previous report on polymorphism in the cytokine promoter region of riverine and swamp buffalo indicates its association with changes in the expression of IFN-γ and *TNF*-α ([@bb0075]). Therefore, further studies are required to determine the functional relevance of this polymorphism.

4.2. Phylogenetic analyses {#s0060}
--------------------------

The phylogenetic analysis based on g.-139G\>T SNP revealed that all the investigated swamp buffalo populations to be closely related (D~A~ ≤ 0.048) however, the greater genetic distance observed between Mizoram and Assamese Silchar buffaloes may be explained by higher frequency of G allele, which was absent in Mizoram buffalo. Earlier studies of allele frequency distribution at another locus g.-2758A\>G in the TIR domain of *TLR8* gene have also shown similar results in allelic distribution ([@bb0040]).

The closeness of Nagaland (NG) and Assamese Dibrugarh (ASD) buffalo populations reveals genetic similarity based on polymorphism in 5′upstream of *TLR8* gene, which is supported by the geographic propinquity between them. Further, the riverine buffalo breeds of Bihar (Diara) and Odisha (Chilika) appeared phylogenetically closer to the Assamese buffalo. This indicates spread of buffaloes from the northeast region towards the eastern coastal and northwest part of India.

The PCA revealed separate clustering of the riverine and swamp buffaloes, as expected, but the riverine/hybrid buffalo population of Assam region of Eastern India formed a distinct cluster. Earlier studies based on microsatellite markers have also segregated the Assamese buffalo from other buffalo populations ([@bb0080]). In the present study, a general divide between the buffalo population of the eastern region and rest of the country was observed. Since half of the buffalo populations in the eastern region are swamp type, this demarcation may be related to the difference in immune response in riverine and swamp buffaloes. The variation at the identified locus may perhaps suggest its contribution in the disease resistance traits of the swamp and riverine buffaloes, which are known for differential immune response towards pathogens ([@bb0075]).

The information generated will therefore, lead to further investigations involving association of the variations with disease susceptibility or resistance as well as comparative analysis of induction of immune response in buffalo.

Appendix A. Supplementary data {#s0065}
==============================

Supplementary tables.
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![Geographic distribution of Indian riverine, swamp and hybrid buffalo breeds/populations.](gr1){#f0005}

![Identification and genotyping of SNP. a. Chromatogram of three different PCR products revealing mutation g.-139G\>T in 5′upstream region of buffalo *TLR8* gene. b. Restriction digestion of buffalo *TLR8* Prom P1 amplified PCR products with *Tsp509I* enzyme showing different genotypes in 3% agarose gel.](gr2){#f0010}

![Principal component analysis based on allele frequencies. a. Showing placement of riverine, swamp and hybrid buffaloes across quadrants. b. Within swamp types of different regions. c. Individual riverine, swamp and hybrid types, hybrids of Assam placed closer to riverine buffaloes of eastern states of Bihar and Odisha.](gr3){#f0015}

###### 

Genotypic and allelic frequency of the *Tsp509I* alleles (g.-139G\>T) across the Indian riverine, swamp and hybrid population/breeds.

  ----------------------------------------------------------------------------------------------
             Breeds   Sample no.   Genotype frequency   Allele frequency\                 
                                                        139G\>T                           
  ---------- -------- ------------ -------------------- ------------------- ------ ------ ------
  Swamp      MZ       16           0.00                 0.00                1.00   0.00   1.00

  MN         25       0.08         0.00                 0.92                0.08   0.92   

  NG         35       0.03         0.23                 0.74                0.14   0.86   

  ASD        25       0.08         0.16                 0.76                0.16   0.84   

  ASS        28       0.25         0.07                 0.68                0.29   0.71   

  Total      129      0.10         0.12                 0.78                0.16   0.84   

  Hybrid     Total    4            0.75                 0.00                0.25   0.75   0.25

  Riverine   AS       56           0.66                 0.16                0.18   0.74   0.26

  CH         25       0.72         0.12                 0.16                0.78   0.22   

  KH         10       0.90         0.10                 0.00                0.95   0.05   

  DR         27       0.59         0.30                 0.11                0.74   0.26   

  BD         29       0.83         0.17                 0.00                0.91   0.09   

  TD         46       0.78         0.13                 0.09                0.85   0.15   

  SK         48       0.79         0.21                 0.00                0.90   0.10   

  PN         18       0.94         0.06                 0.00                0.97   0.03   

  SR         9        1.0          0.0                  0.0                 1.0    0.0    

  MT         36       0.81         0.14                 0.06                0.88   0.13   

  JF         35       0.97         0.03                 0.00                0.99   0.01   

  MH         48       0.77         0.23                 0.00                0.88   0.12   

  BN         28       0.83         0.17                 0.00                0.91   0.09   

  NR         70       0.82         0.16                 0.03                0.89   0.11   

  MU         49       0.83         0.10                 0.06                0.89   0.11   

  Total      534      0.82         0.14                 0.05                0.89   0.12   

  Male       Swamp    26           0.27                 0.00                0.73   0.27   0.73

  Assamese   24       0.83         0.00                 0.17                0.83   0.17   

  Riverine   36       0.94         0.00                 0.06                0.94   0.06   

  Total      86       0.68         0.0                  0.32                0.68   0.32   

  Hybrid     2        0.5          0.00                 0.5                 0.5    0.5    
  ----------------------------------------------------------------------------------------------

###### 

Genetic distances D~A~ ([@bb0095]) below diagonal and F~ST~ above diagonal between different swamp buffalo populations of eastern region of India.

  Buffalo population   Mizoram   Nagaland   Assamese Silchar   Manipuri   Assamese Dibrugarh
  -------------------- --------- ---------- ------------------ ---------- --------------------
  Mizoram              0.000     0.077      0.137              0.042      0.072
  Nagaland             0.014     0.000      0.016              0.010      0.000
  Assamese Silcher     0.048     0.010      0.000              0.048      0.019
  Manipuri             0.004     0.003      0.025              0.000      0.008
  Assamese Dibrugarh   0.012     0.000      0.012              0.002      0.000
